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LSSAbstract Background: Lumbar spinal stenosis (LSS) is increasingly being recognised as a cause of
disabling low back and lower extremities pain in adult population. Advanced spinal imaging
thought as conﬁrmation tool for the diagnosis and as preoperative tool to delineate the extent
and precise location of the pathology. Nerve roots normally sediment, due to gravity, to the dorsal
part of the dural sac, which was known as negative sedimentation sign. If there is MRI ﬁnding of
nerve roots in the ventral part of the dural sac the sedimentation sign is positive.
Objectives: To evaluate the presence of the MRI ﬁnding of positive sedimentation sign in patients
clinically suspected to have lumbar spinal stenosis and to follow up operated cases to identify the
absence of the radiological signs in the operated cases.
Material and methods: 70 patients clinically suspected to have lumbar spinal stenosis evaluated by
MRI lumbosacral spine in supine position. A panel of two radiologists reviewed radiological data.
MRI features were agreed by both radiologists in 48 patients. Out of these 48 patients; 25 were
operated upon for central decompressive laminectomy, partial medial facetectomy and foraminot-
omy with instrumented fusion and ﬁxation if indicated. Visual analogue score (VAS) collectively
preoperative and postoperative was compared and the walking distance postoperative was reported
and follow up MRI studies were done one year after the operation.
204 O.M. Dawood et al.Results: Operated patients’ mean age was 58.2 years; nineteen patients were operated upon for sim-
ple decompressive laminectomy for the affected levels. Walking distance preoperative range 100–
700 metres, improved postoperative to be 1474.0 ± 601.1. VAS for pain preoperative was
9.28 ± 0.84, improved at 12 month follow up to be 0.84 ± 0.62. Postoperative MRI done to eval-
uate the cross sectional area (CSA) became more than 80 mm2 in the absence of the sedimentation
sign and was negative in 22 cases.
Conclusion: The MRI ﬁnding of positive sedimentation sign is a good positive sign to rule in lum-
bar spinal stenosis with high speciﬁcity and sensitivity; negative sedimentation sign can be used in
postoperative follow up of decompression patients.
 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear
Medicine.Open access under CC BY-NC-ND license.Contents
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Lumbar spinal stenosis (LSS) is increasingly being recognised
as a cause of disabling low back pain and lower extremities
pain in adult population. A decrease in spinal canal volume
has many causes like congenital abnormalities, disc herniation,
and other space occupying lesions causing a decrease in spinal
canal volume. The clinical syndrome of lumbar spinal stenosis
most commonly occurs secondary to age related changes in the
lumbar spine. Encroachment of the spinal canal in combina-
tion with residual motion leads to vascular and conduction
changes in the neural elements thought to be responsible for
clinical symptoms [1].
The clinical symptoms and signs include low back pain
(95%), claudication (91%), leg pain (71%), weakness (33%)
and voiding difﬁculties (12%). The typical symptoms for
spinal stenosis are neurogenic claudication; include paresthesia
and numbness in posterolateral legs and thighs. These symp-
toms are classically exacerbated with walking. Extension of
the lumbar spine causes a decrease in the cross-sectional area
(CSA) of the spinal canal therefore symptoms worsened in
the upright position [1].
The use of advanced spinal imaging was thought as conﬁr-
mation tool for the diagnosis of the stenosis and as preopera-
tive tool to delineate the extent and precise location of the
pathology. Myelography was the gold slandered in the evalua-
tion of lumbar disc disease and stenosis, and this has been sup-
plemented with the MRI, which is non-invasive and provides a
highly detailed, multi-planner view of the spinal canal. Axial
images may better demonstrate thecal sac compression and lat-
eral recess narrowing which in turn is better to be diagnosed by
CT scan because the osteophyte formation at the lateral recess
around the facet joint has low signal intensity in T1 and T2weighted images, thus MRI tends to over read the degree of
encroachment [1,3].
The diagnostic difﬁculties of lumbar canal stenosis lie in the
frequent absence of clinical symptoms at rest because pain and
limited function occur only with physical activity. Conven-
tional clinical scores correlate poorly with the grade of stenosis
and the CSA of the dural sac in the MRI [4].
Static examinations such as forced hyperextension do not
sufﬁciently reﬂect the situation during physical activity [5].
However, under and over diagnosis of LSS are common when
using CSA as a discriminator. Under diagnosis is observed in
patients with (a) foraminal stenosis, (b) dynamic stenosis dur-
ing physical activity, and (c) rapidly progressing stenosis. Over
diagnosis appears in patients with a higher age who demon-
strate clinical symptoms not related to LSS but show a patho-
logic CSA [6].
A positive sedimentation sign was deﬁned as the absence of
nerve root sedimentation in at least 1 axial MRI scan, at a level
above or below, disregarding the location of the scan within
the level and its proximity to the maximal stenosis (Fig. 1).
It is not uncommon for a sign to refer to the absence of a ﬁnd-
ing, e.g., the positive Thompson test in which the absence of
plantar ﬂexion helps to conﬁrm the diagnosis of an Achilles
tendon rupture. As a rule, nerve roots normally sediment,
due to gravity, to the dorsal part of the dural sac, which was
deﬁned as negative sedimentation sign. The only exception
from this is the 2 nerve roots leaving the dural sac one segmen-
tal level below the stenosis. If there are nerve roots in the ven-
tral part of the dural sac except for the ones exiting the dural
sac, the sedimentation sign is positive. By this method, no
intermediate or indeterminate results of the sedimentation sign
are to be expected. The sedimentation sign was measured at a
level above or below the maximal stenosis because, at the level
Fig. 1 (I) Illustrative ﬁgure about sedimentation sign (quoted from [11]). (II) Comparative MRI: (A) positive sedimentation sign
(B) negative sedimentation sign.
Fig. 2 T2WI MRI shows lumbar spinal stenosis and positive sedimentation sign. (A) Sagittal T2WI shows spinal canal stenosis at L1–2,
L2–3 and L3–4. (B) Axial T2WI shows a positive sedimentation sign.
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and, therefore, cannot be identiﬁed and judged adequately
[7,11].
The aim of the treatment is to improve the level of function
and decrease lower extremities discomfort. The use of epiduralsteroid injections in elderly patient with stenosis is common
and may provide dramatic pain relief, however many patients
will have recurrent symptoms. For that surgery should be
considered in those patients with clinical symptoms of spinal
stenosis with an unacceptable quality of life after other treat-
Table 1 MRI ﬁndings of the 70 patients clinically suspected to
have lumbar canal stenosis.
MRI criteria Number of patients
Cross sectional area (CSA) <80 mm2
Present 51
Absent 19
Positive sedimentation sign
Present 50
Absent 20
Combined CSA and positive sedimentation sign
Present 48
Absent 22
Post-operative follow up of combined CSA (>80 mm2) and negative
sedimentation sign in 25 patients
Present 22
Absent 3
Table 2 Patient’s demographics and clinical signs of the 25
operated patients.
Age x ± SD 58.2 ± 8.68 years
Sex
Female 10 40%
Male 15 60%
Level aﬀected
L4–5 9 36%
L3–4/ L4–5 7 28%
L4–5/L5-S1 2 8%
Other levels 7 28%
Walking distance preoperative 328 ± 191.5
Range 100–700
Motor only 2 8%
Sensory only 3 12%
Both motor + sensory 3 12%
Both negative 17 68%
Type of operation
Laminectomy 19 76%
Laminectomy + ﬁxation 6 24%
206 O.M. Dawood et al.ment modalities have been exhausted. The primary objective of
the surgery is to decompress the neural elements. Many oper-
ative techniques have been addressed to do the decompression
including laminectomy or limited laminotomy, decompression
of neural elements, decompression and fusion when associated
with spondylolisthesis and instrumented fusion to maintain
correction of deformity or with gross instability [8].
2. Materials and methods
Between March 2010 and March 2011; 70 consecutive patients
admitted to our department of neurosurgery for inpatient or
outpatient treatment with symptoms of typical neurogenic
claudication, back pain and leg pain where sent to the radiol-
ogy department for further evaluation by MRI lumbosacral
spine in supine position.
All the 70 patients underwent MRI of the lumbar spines
using the GE medical system, HDE 1.5 T machine. All patients
were asked to get rid of any metallic subjects as well as they
were asked about any contraindication to MRI examination
(artiﬁcial heart valve, cardiac pacemaker, metallic stents or
joint prosthesis except that made of titanium). The patients
were informed about the duration of the examination, the po-
sition of the patient and the importance of being motionless.
MRI study was done with the patients in the supine position
using a standard phases-array surface coil for imaging the
spine. The imaging protocol included Sagittal and axial
T2WI spin echo sequences (2617/120/90/2(TR/TE/angle/NSA
sequences)) with 4 mm thickness in axial study.
Using a picture archiving system (PACS) with integrated
digital area measurement (GE health care centricity PACS),
two experienced independent radiologists aware of the clinical
information of the patients evaluated separately the MRI of
the 70 patients for the following
1. The CSA, measured between L1 and L5. Inclusion criterion
was for patients with CSA <80 mm2.
2. Positive sedimentation sign looking for the absence of nerve
root sedimentation in at least 1 axial MRI scan, at a level
above or below, disregarding the location of the scan within
the level and its proximity to the maximal stenosis (Fig. 2).
Using the method described by Barz et al. [7], the sedimen-
tation sign was measured in axial MRI scans of level L1/L2–
L4/L5. The measurement was performed at the approximate
mid-height of the vertebral body above or below the maximal
stenosis (for stenosis level L1/L2 was always below, for steno-
sis level L4/L5 was always above). In our study the horizontal
line to detect the sign was placed at the anterior aspect of the
facet joints above or below the level of the stenosis because at
the mid level the nerve roots are clumped (e.g. in Fig. 2).
A panel of two radiologists reviewed radiological data of
the 70 patients and disagreement was solved by consensus.
The combined MRI features were agreed by both radiologists
in 48 patients.
Out of the 70 patients, combined CSA and positive
sedimentation sign were present in 48 (Table 1). Out of these
48 patients; only 25 patients accepted surgical option for
deﬁnitive treatment for their pathology. All the 25 patients
underwent dynamic X-rays and subjected to a standardised
ambulatory treadmill test with reporting the walking distancepreoperatively to experience the symptoms of the claudication,
all patients were operated upon for central decompressive
laminectomy, partial medial facetectomy and foraminotomy
of the nerve roots for the decompressed levels and if more than
3 levels of laminectomy were performed and posterolateral
fusion and instrumented ﬁxation were performed on the same
setting in cases with preoperative ﬁnding of minimal spondyl-
olisthesis grade 1 where managed intra-operatively by bony
posterolateral fusion, if the spondylolisthesis is more than
grade 1 or unstable in dynamic preoperative X-ray instru-
mented ﬁxation where pedicular screws were used and postero-
lateral fusion was performed.
Visual analogue score (VAS) collectively preoperative and
postoperative was compared and the walking distance postop-
erative was reported and follow up MRI studies were done one
year after the operation to the 25 patients.
Approval from the medical ethics committee was obtained
prior to the study.
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Out of the 25 patients operated upon 10 males and 15 females
with mean age of 58.2 years, levels operated upon were L4–5 in
9 cases, L3–4 and L4–5 in 7 cases, L4–5 and L5-S1 in 2 cases
and other levels were in 7 cases. Out of the 25 patients 2 pa-
tients presented with motor deﬁcit, 3 with sensory deﬁcit, 3 pa-
tients had combined sensory and motor deﬁcit and 17 patients
had neither sensory nor motor deﬁcit (Table 2).
Nineteen patients were operated upon for simple decom-
pressive laminectomy for the affected levels and instrumenta-
tion were used in 6 patients (Table 2).Fig. 3 Pre- and post-operative lumbar spinal stenosis. (A) Sagittal T2
a positive sedimentation sign. (C and D) Axial and sagittal T2WI po
widening of CSF spaces (arrow).
Table 3 Pre- and post-operative of walking and visual
analogue score (VAS) (N= 25).
x ± SD Pt P value
Walking pre 328.0 ± 191.5
Walking post 1474.0 ± 601.1 12.97 0.0001
VAS pre 9.28 ± 0.84
VAS 1 month 1.68 ± 0.95 32.9 0.0001
VAS 3 month 1.24 ± 0.78 41.1 0.0001
VAS 6 month 1.12 ± 0.67 45.4 0.0001
VAS 12 month 0.84 ± 0.62 51.4 0.0001Walking distance preoperative range 100–700 metres, with
an average of 328 ± 191.5, improved postoperative to be
1474.0 ± 601.1 with a signiﬁcant P value 0.0001.
Visual analogue score for pain (VAS) preoperative were
9.28 ± 0.84, improved at 12 month follow up to be
0.84 ± 0.62 which was also statistically signiﬁcant (Table 3).
Postoperative MRI done to evaluate the CSA became more
than 80 mm2 in the absence of the sedimentation sign and was
negative in the 22 cases (88%) (Table 1, Figs. 3 and 4).
Two patients had postoperative wound infection, none of
the patients had postoperative cerebrospinal ﬂuid leak inspire
that 3 patients had intra-operative incidental dural tear at the
time of the original surgery.
4. Discussion
Our study compared the radiological sign of positive sedimen-
tation sign in patients with symptomatic lumbar spinal stenosis
and compared the preoperative ﬁndings with the postoperative
outcome to relay on this sign as reliable sign in diagnosis and
postoperative follow up in diagnosed patients.
Barz and colleagues ﬁrst identiﬁed the positive sedimenta-
tion sign in 94 patients with symptomatic lumbar spinal
stenosis and they concluded that a positive sedimentation
sign can rule in lumbar spinal stenosis with high sensitivity
(94%) [7].WI shows spinal stenosis at L2–3 and L3–4. (B) Axial T2WI shows
st-operative laminectomy shows negative sedimentation sign and
Fig. 4 Pre- and post-operative lumbar spinal stenosis. (A and B) Axial and Sagittal T2WI shows spinal canal stenosis at L3–4 with
positive sedimentation sign. (C and D) Axial and sagittal T2WI post-operative laminectomy shows negative sedimentation sign with
widening of CSF spaces.
208 O.M. Dawood et al.The present study included 70 patients. Out of the 70 pa-
tients, combined CSA and positive sedimentation sign were
present in 48 as agreed by two independent radiologists (sensi-
tivity 68.6%) in disagreement with [7] who reported a sensitiv-
ity of 94%, but this may be explained by the former sensitivity
which was found in the spinal canal stenosis group only with
exclusion of the low back pain group, however in our study
the negative cases were either due to discogenic cause or absent
sign. Post-operative follow up of combined CSA (>80 mm2)
and negative sedimentation sign in the 25 operated patients
was found in 22 patients (88%).
Discussion is growing over the use of the sedimentation
sign as a much needed clinical diagnostic tool to enhance deci-
sion making when it comes to surgical intervention. The small-
est CSA of the dural sac has been used as a discriminatory tool
for LSS, yet this and other existing techniques have already
been questioned for their efﬁcacy. Sirvanci et al. [9] measured
a poor correlation between conventional clinical scores and the
grade of stenosis and CSA of the dural sac in MRI. Similarly,
Sigmundsson et al. [12] determined a poor correlation between
the CSA of the dural sac on MRI and leg and back pain levels,walking distance, Oswestry Disability Index, 36-Item Short
Form Health Survey, and EuroQol-5D; they concluded that
clinical scores correlate only to ‘‘a limited extent’’ with mor-
phological changes on MRI [2].
Still decompressive laminectomy with partial medial face-
tectomy and foraminotomy is the main worldwide used surgi-
cal approach used in the treatment of lumbar spinal stenosis
added to it the instrumentation and the fusion if indicated,
our results compared to other studies showed excellent results
regarding the improvement of the preoperative symptoms and
improvement in the walking distance postoperatively,
Athivirahman and colleagues reported that the higher preoper-
ative disability in such patients was associated with greater
postoperative improvement in their questionnaire score [10].
Given that the sedimentation sign is positive when the nerve
roots are displaced anteriorly within the thecal sac, it may be
potential for false-negative results when there is a substantial
contribution to lumbar stenosis from a prominent disc bulge,
protrusion, or extrusion (i.e., dorsally directed compression
from the ventrally located disc). In most cases of typical degen-
erative stenosis; the nerve roots will be displaced anteriorly sec-
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athy. However, it is also important to remember that the sed-
imentation sign’s use is for the evaluation of central, rather
than foraminal stenosis [13].
However, it is a complex equation about how we will guide
our patients to decide whether they should consider surgical
intervention for the treatment of LSS. As the authors pointed
out, a positive sedimentation sign does not mean that a given
level must necessarily be decompressed; Boden et al. [14] have
clearly shown that radiographic ﬁndings do not always corre-
late with a patient’s symptoms. We agree with Fazal et al. [2]
that a negative sedimentation sign in a patient who is otherwise
being considered for lumbar decompressive surgery may lead
the spine surgeon to review his or her decision and see if there
is an alternate explanation for that patient’s symptoms (such
as a peripheral compressive neuropathy) or consider additional
testing such as diagnostic injections, electromyogram studies,
treadmill test, or computed tomography imaging.
It is important to mention that in patients commonly trea-
ted with decompression surgery, the sedimentation sign does
not appear to predict surgical outcome. In nonsurgically trea-
ted patients, a positive sign is associated with more limited
improvement. In these cases, surgery might be effective [15].
5. Conclusion
The MRI ﬁnding of positive sedimentation sign is a good po-
sitive sign to rule in lumbar spinal stenosis with high speciﬁcity
and sensitivity; negative sedimentation sign can be used in
postoperative follow up of decompression patients. Added that
patients who chose to have surgery have improvement on their
preoperative pain complains and increase in their walking dis-
tance which was signiﬁcant.
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